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1 . A sensorcontrol unit comprising: 

a housing adapted tor placement on skin and adapted to receive a portion of an 
electrochemical sensor h^yin^ a plurafrtj^crf contact pads; 

a plurality of ccfoductiv^fcontacts disposed on the housing and configured for 
coupling to the plurality of conjta^^s^k^^ sensor; and 

a transmitter di^pos^in th^Jiousing and coupled to the plurality of conductive 
contacts for transmitting data obtained using the sensor. 



2. The sensor control unit of claim 1, further comprising adhesive for 
adhering the sensor control unit to skin. 

P 3 . The sensor control unit of claim 1 , further comprising a mounting unit 

adapted for coupling with the housing. 



m 

* 4. The sensor control unit of claim 3, wherein the mounting unit is 

p configured for placement between the housing and the skin of the patient. 

W 

5. The sensor control unit of claim 3, wherein adhesive is disposed on a 
13 surface of the mounting unit for adhering the mounting unit and housing to the skin of 

the patient. 



6. The sensor control unit of claim 3, further comprising a support structure 
disposed on the mounting unit for aligning the contact pads of the sensor with the 
conductive contacts of the sensor control unit. 



7. The sensor control unit of claim 3 5 further comprising an opening in the 
mounting unit configured for guiding insertion of the electrochemical sensor into the 
patient. 




8. The sensor control unit of claim 1 , wherein the housing comprises a base 
and a cover. 

9. The sensor control unit of claim 8, wherein the base and cover are 
configured to form a water resistant seal when coupled. 

10. The sensor control unit of claim 1 , wherein the housing is water resistant. 

1 1 . The sensor control unit of claim 1 , wherein the conductive contacts are 
disposed on an interior surface of the housing. 

12. The sensor control unit of claim 1 1, wherein the housing comprises a 
port adapted for penetration by the sensor. 

13. The sensor control unit of claim 1 , wherein the plurality of conductive 
contacts are disposed on an exterior surface of the housing. 

14. The sensor control unit of claim 1 , wherein a volume of the housing is 
about 10 cm 3 or less. 

15. The sensor control unit of claim 1 , wherein a height of the housing is 
about 0.7 cm or less. 

16. The sensor control unit of claim 1 , wherein a weight of the housing is 
about 90 grams or less. 

1 7. The sensor control unit of claim 1 , further comprising a battery disposed 
in the housing. 



18. The sensor control unit of claim 17, wherein the battery is sealed within 
the housing of the sensor control unit. 

19. The sensor control unit of claim 17, wherein the battery is removable 
from the housing. 

20. The sensor control unit of claim 1, further comprising an alarm to 
indicate at least one of hypoglycemia, impending hypoglycemia, hyperglycemia, or 
impending hyperglycemia. 

21 . The sensor control unit of claim 20, further comprising a switch for 
deactivating the alarm. 

22. The sensor control unit m clkijan^Sl , wherein the switch is a reed switch, 
a Hall effect switch, or a gigantic magnetic ratip'witch. 

~~~~ & 

2^ The sensor control unit of claim 20, wherein the alarm produces an 
audible signal when activated. 

247 The sensor control unit of claim^ wherein a loudness of the alarm 
increases over time when the alarm is activated. 

25. The sensor control unit of\l^m 2$), wherein the alarm produces an 
electri cal shock when activated. 

2# The sensor control unit of claim 20, wherein the alarm produces a 
vibration when activated. 
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The sensor control unit of claim 20, wherein the alarm is configured to 
indicate at least two of hypoglycemia, impending hypoglycemia, hyperglycemia, or 
impending hyperglycemia. 

2& The sensor control unit of claim 1 , further comprising a receiver disposed 
in the housing. 

The sensor control unit of claim 1 , further comprising a processing 
circuit disposed in the housing and coupled to the conductive contacts, the processing 
circuit is configured for determining a level of an anaiyte from a signal generated by the 
sensor. 

2& The sensor control unit of claim wherein the processing circuit is 
configured for determining the level of the anaiyte in blood from a sensor that is 
subcutaneously implanted in the patient. 

& at 

tyf. The sensor control unit of claim 29^ wherein the processing circuit is 
configured for adjusting the data for temperature using a signal from a temperature 
probe of the sensor. 




32. The sensor control uniftoL^laim 1, wherein the transmitter is configured 
for transmitting an identification code ^ITffte data. 

$6. The sensor control unit of claim 1, wherein the plurality of conductive 
contacts of the sensor control unit comprise conductive carbon. 



34. The sensor control unit of \lana 1, wherein the transmitter includes an 
open loop modulation system for transmKqng_d^a obtained using the sensor, the open 
loop modulation system further comprise 
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a phase-locked loop circuit for locking a signal carrying the data and having a 
center frequency at a predetermined transmit frequency, the signal being prevented from 
drifting in excess of a predetermined threshold; 

a totalizer, operatively corapled to the phase-locked loop, for determining the 
status of the center frequency, theWalizer monitoring the center frequency, comparing 
the monitored center frequency to a\hreshold, and generating a control signal when the 
monitored frequency approaches the threshold; and 

a loop control, operatively coupled to the totalizer, for detecting a lock condition 
of the phase-locked loop and for opening and closing the phase-locked loop in response 
to the control signal, the loop control closing the loop when the totalizer detects that the 
monitored frequency is approaching the threshold. 
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35. The sensor control unit of claim 34, wherein the open loop modulation 
system further comprises a modulation controller for generating a modulation signal and 
applying the modulation signal to the phase-locked loop. 



36. The sensor control unij/tff clainA34, v^ierein the phase-locked loop 
remains open when the center frequency daes n\>J^pfo^h the threshold, the threshold 
indicating that the signal is within a bandwftith < 



iver. 



37. The sensor control unit of claim 34 wherein the open loop modulation 
system sends a stand-by signal to the receiver whe^ the center frequency approaches the 
threshold. 



38. The sensor control unit of claim 34, wmerein the phase-locked loop is 
opened prior to the generation of the modulating signal. 

39. The sensor control unit of claim 34, whekein the open loop modulation 
system further comprises a transmitter amplifier for amplifying the signal carrying the 
data to ensure adequate output signal power. 
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^CfT The sensor control unit of claim 1 , further comprising a data storage unit 
disposed in the housing for keeping data for a period of time. 



41 . The sensor co\itrol unit of claim 1, wherein the transmitter is configured 
for encrypting the data. 

42. The sensor controKunit of claim 1 , wherein the transmitter further 
comprises circuitry for changing transmission frequencies to reduce crosstalk with other 
transmitters. 

43. The sensor control unitW claim 1, further comprising a current-to- 
voltage converter coupled to at least twaof the conductive contacts. 

44. The sensor control unit of ckim-42, wherein the current-to-voltage 
converter comprises a capacitor, a fir$f se\ onswifches coupled to the capacitor for 
charging the capacitor by connecting the cap^tojJcithe conductive contacts when the 
first set of switches is closed, a second set of s^wfches coupled to the capacitor for 
discharging the capacitor when the second set of Witches is closed, and a clock 
generator coupled to the first and second set of switches for generating a clock signal to 
alternate between a first position with the first set oftswitches closed and the second set 
of switches open and a second position with the first set of switches open and the 
second set of switches closed, the clock signal having \ frequency that provides a 
frequency-dependent impedance to the capacitor. 



A sensor assembly, comprising: 
a sensor having a substrate, at least one recessed channel formed in a surface of 
the substrate, conductive material disposed in the at least one recessed channel to form 
at least one working electrode and an individual contact pad for each of the at least one 
working electrodes; and 
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a sensor control unit for placement on a skin of an animal, the sensor control unit 
including 

a housing having a port through which the sensor penetrates the housing, 

and 

a plurality of conductive contacts disposed in the housing and configured 
for coupling with the contact pads of the sensor. 




^6 . A sensor assembly, comprising : 

a sensor comprising a flexible substrate with at least one working electrode, at 
least one counter electrode, a^Stleast on&^CQntact pad coupled to each of the working 
and counter electrodes 

a sensor control yfinit comprising 

a housing adapted for placement on skin; 
a plurality of conductive contacts disposed on the housing and 
configured for coupling to the contact pads of the sensor; and 

a transmitter disposed iiythe housing and coupled to the plurality of 
conductive contacts for transraflttingvdata obtained using the sensor. 



Jin. A sensor assembly, comprising: 

a sensor comprising at least one working electrode and at least one contact pad 
coupled to the at least one working electrode; and 
the sensor control unit of claim 1 . 

The sensor assembly of claim 47^ wherein the plurality of conductive 
contacts, the plurality of contact pads, or both comprise conductive carbon. 

The sensor assembly of claim 48^ wherein a signal generated by 
corrosion of the plurality of conductive contacts and the plurality of contact pads when 
immersed in a 1 mM NaCl solution is 3% or less of a signal generated by the working 
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electrode when exposed to an analyte having a concentration within an expected 
physiological range. 



The sensor assembly of claim 4#, wherein a signal generated by 
corrosion of the plurality of conductive contacts and the plurality of contact pads when 
immersed in a 100 mM NaCl solution is 3% or less of a signal generated by the working 
electrode when exposed to an analyte having a concentration within an expected 
physiological range. 

The sensor assembly of claim 47^ further comprising a mounting unit 
adapted for coupling with the housing. 

52. An analyte monitoring system comprising: 

a sensor comprising^ l^ast one Vqrking electrode and at least one contact pad 
coupled to the at least qiie workilsj^ electrode; 
the sensor control unit of c&im 1 ; and 

a display unit cWnprisiWa ^fceiyepror receiving data from the sensor control 
unit, and a display coupled to the receiver for displaying an indication of the level of an 
analyte. 





^ The analyte monitoring system of claim further comprising a 
mounting unit adapted for coupling with the housing. 



54. The analyte monitorinasystem of claim 52, wherein the sensor control 
unit further comprises a receiver disposed in the housing and the display unit further 
comprises a transmitter for transmitting^toythe receiv^pf the sensor control unit. 



5 5 . The analyte monito 



ng system of claim s 52 ? wherein the display unit 



further comprises an analyzer coupled to the displa/ and ttiergCSiver for analyzing data 



from the receiver and providing an 



dyzed data tirthe display. 
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$j(f. The analyte monitoring system of claim wherein the display unit 
further comprises a battery coupled to the receiver and display. 

5^ The analyte monitoring system of claim $2; wherein the display unit 
further comprises an input device coupled to the display. 

^ The analyte monitoring system of claim 52^ further comprising a 
calibrator for providing a calibration value to at least one of the display unit and the 
sensor control unit. 

ffi The analyte monitoring system of claim ^ wherein the calibrator is 
coupled to the receiver of the display unit for providing the calibration value to the 
sensor control unit. 

0. The analyte monitoring system of claim 5#, wherein the calibrator 
provides a calibration value using 1 microliter or less of body fluid. 

The analyte monitoring system of claim 5o, wherein the calibrator 
comprises a device configured for non-invasive optical assay of analyte. 

f^. The analyte monitoring system of claim 52^ wherein the display unit is 
portable. 

The analyte monitoring system of claim wherein the display unit is 
configured for wearing on a piece of clothing. 

(ft. The analyte monitoring system of claim 62, further comprising a 
secondary display unit having a power cord for connecting to an electrical outlet, a 
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receiver for receiving data transmitted by the transmitter, and a display coupled to the 
receiver for displaying the level of the analyte. 

ffi The analyte monitoring system of claim £4, wherein the display unit and 
the secondary display unit are configured for exchanging data. 

& 3% 

The analyte monitoring system of claim wherein the display unit is 

configured for connection to an electrical outlet. 

(yT. The analyte monitoring system of claim 66, wherein the display unit 
further comprises at least one of a lamp, a radio, a clock, an interface to a telephone 
system, an interface to a computer, or a battery backup system. 

ffl The analyte monitoring system of claim 55f, wherein the display unit 
further comprises an alarm configured for activation if a signal from the transmitter of 
the sensor control unit is not received with a predetermined time interval. 

($\ The analyte monitoring system of claim 52*, wherein the display unit 
comprises a pager receiver for receiving pages from an external paging system. 

1^ The analyte monitoring system of claim 69*, wherein the display unit 
comprises a pager transmitter for sending pages to the external paging system, wherein 
the pager transmitter is activated when at least one of hypoglycemia, impending 
hypoglycemia, hyperglycemia, or impending hyperglycemia is indicated. 

b% 3f>i 

y(. The analyte monitoring system of claim 52, wherein the display unit is 
configured for coupling to an external download device to transfer data from the display 
unit. 
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The analyte monitoring system of claim fiirther comprising at least 

one alarm disposed in the display unit and configured to indicate when a level of an 
analyte exceeds a threshold level. 

The analyte monitoring system of claim 72^ wherein the alarm is 
configured to indicate when a level of an analyte is near a threshold level. 

The analyte monitoring system of claim 73f wherein the alarm is 
configured to indicate at least one of hypoglycemia, impending hypoglycemia, 
hyperglycemia, or impending hyperglycemia. 

IjsK The analyte monitoring system of claim 74, wherein the alarm is 
configured to indicate impending hypoglycemia and is deactivated if an impending 
hypoglycemia condition does not exist. 

1/3- ul 

Ipt The analyte monitoring system of claim 24^ wherein the alarm is 
configured to indicate hypoglycemia and is only manually deactivatable. 

ipS The analyte monitoring system of claim 74^ wherein the alarm is 
configured to indicate hypoglycemia and the alarm, when activated, produces an audible 
signal that increases in loudness over time. 

7#T The analyte monitoring system of claim 72, wherein the analyte 
monitoring system comprises at least two alarms, each alarm producing an audible 
signal, wherein the signals of the at least two alarms are distinguishable. 

10. The analyte monitoring system of claim 52, further comprising a 
processing circuit in the display unit, the processing circuit being configured to analyze 
patient-specific data from multiple episodes to predict a patient's response to future 
episodes. 



103 //) 



0. The analyte monitoring system of Maim 79, wherein the one or more 
physiological characteristics comprises a respdnse to^a-treatment. 

The analyte monitoring system of claim &€( wherein the analyte is 
glucose and the treatment is an administration of insulin. 

JJ2f The analyte monitoring system of claim S<f, wherein the display unit 
further comprises an input device for indicating when a treatment is administered. 



83. The analyte monitoring sysj^nfof^iaim 79, wherein the processing 
circuit is configured to determine a dryg\administration protocol in response to the 
physiological characteristic. 

84. The analyte monitor ng syste/n ^f claim 79, wherein the physiological 
characteristic is a dosage dependence^f^response to a drug. 

The analyte monitoring system of claim wherein the display unit 
further comprises an input device for indicating when food has been injested. 

8a The analyte monitoring system of claim $5^ where the input device is 
configured for indicating an approximate caloric content of the food. 

it- #t 

The analyte monitoring system of claim $2f further comprising a 
temperature measurement device to correct data obtained from the sensor. 

§f£ The analyte monitoring system of claim £7, wherein the temperature 
measurement device comprises a temperature probe disposed on the substrate. 
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The analyte monitoring system of claim 5%, wherein the analyte 
monitoring system further comprises a drug administration system which dispenses a 
drug based on the level of the analyte. 

11 1**, 

9#f The analyte monitoring system of claim 89^ wherein the drug 
administration system comprises a receiver for receiving data from at least one of the 
sensor control unit or display unit to direct dispensing of the drug. 

it w, 

9f. The analyte monitoring system of claim wherein the drug 
administration system comprises at least one of a needle, syringe, pump, catheter, 
inhaler, or transdermal patch to administer the drug. 

The analyte monitoring system of claim wherein the drug is insulin. 



93. The analyte monitor 
unit to boost transmission of data from\t] 
unit. 




of claim 52, further comprising a repeater 
skin sensor control unit to the display 



94. An insertion kit fof inserting an electrochemical sensor into a patient, the 
insertion kit comprising: 

an inserter comprising a portion having a sharp, rigid, planer structure adapted to 
support the sensor during insertion oi\the^lsctrochemical sensor; and 

an insertion gun having a ndrt configuredlro^aQcept the electrochemical sensor 
and the inserter, a driving mechanism fondriving the inserter and electrochemical sensor 
into the patient, and a retraction mechanisnj for re^ 
while leaving the sensor within the patient. 



Loving the inserter from the patient 



95. The insertion Kit of claim 94, wherein the insertion gun further comprises 
a cocking mechanism to maintain the inserter ancyelectrocli^ 
position prior to insertion into the patient, and aielease mechanism to release the 
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inserter and electrochemical sensor from the cocked position and permit the driving 
mechanism to drive the inserter and electrochemical sensor into the patient. 



96. The insertion kit of claim 94, further comprising an electrochemical 
sensor for insertion inta the patient using the inserter and insertion gun. 

97. The insertion kit of claim 96, wherein the electrochemical sensor 
includes a barb to facilitate retention of the sensor within the patient. 



98. The insertion kit of claim 96, wherein the electrochemical sensor is 



flexible. 
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99. The insertion kit of claim 94, whereirKthe insertion gun and inserter are 
configured to insert the electrochemical\sensor intol leWtient at a depth of between 
about 2 to 12 mm. 



nsertion kit of claim 94, wheredr 



100. The 
configured to insert 
about 15° to 60° relative to a surface of the patient. 



the insertion gun and inserter are 
the electrochemical sensoAinto\tjhe patient at an angle between 



101. The insertion kit of claim 94, whereufr thevinserter has a cross-sectional/ 
width of 1 mm or less\ 



102. The insertion kit of claim 94, wherein th$ inserter has a cross-sectional 
height of 1 mm or less. 

1 03 . The insertion kit of claim 94, wherein the inserter gun is configured to 
mate with a mounting base of a sensor control unit. 



106 



104. A^method of using an electrochemical sensor, the method comprising: 
adhering aXmounting unit to a skin of a patient; 

aligning an insertion gun with a port on the mounting unit, the insertion gun 
having an electrochemical sensor disposed therein; 

inserting an electrochemical sensor into the skin of the patient using the 
insertion gun; 

removing the insertic^n gun; 

mounting a housing ofa sensor control unit on the mounting base; and 



coupling a plurality of conduc tive co ntacts disposed on the housing with a 
plurality of contact pads disposdcltaontiie electrochemical sensor. 



105. The methoti of claim 104, wherein the plurality of conductive contacts 
and the plurality of contact pads are coupled when the housing is mounted on the 
mounting base. 



106. The method of claim 104, further comprising applying a skin protecting 
material to the skin prior to adhering the mounting unit. 



107. The method of claim 104, wherein^he Electrochemical sensor is disposed , 
in a sharp, rigid inserter, the sensor being released ^om\he inserter after insertion. 

108. A methoaVfor detecting failures in an implanted aiiaiyte=res^ofisive 
sensor, the method comprising: 

implanting an analyte\esponsive sensor into a patient, the analyte-responsive 
sensor comprising N working elebtrodes, where )l is an ini^ger and is two or greater 
and a common counter electrode; 

obtaining a signal generated at one of the N working electrodes and a signal 
generated at the common counter electrode; and 
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detemiinin^failure of the analyte-responsive sensor if the signal from the 
common counter electrode is not N times the signal from the one of the N working 
electrodes, within a predetermined threshold limit. 



109. A method ot* calibrating an electrochemical sensor implanted in a patient 
and comprising one or mora working electrodes, the method comprising: 

(a) generating a signal from each of the one or more working electrodes; 

(b) determining if each of conditions (1) to (3) are met 

(1) the signal^ from.each of the one or more working electrodes 
differ by less than a^fir st threshold amount^ 

(2) ^tjafe signals fix>m each of the orife or more working electrodes are 
within a predetermined range, and \ 

(3) / a rate of change of the signals from each of the one or more 
working electrodes is less than a seconq^ireshold amount. 



(c) determining a calibration value 
patient's body flui d; and \ 

(d) relating the calibration value to at 



v 



assaying a calibration sample of a 



east one of the signals from the one or 



more working electrodes if the conditions in step (m are met 



110. The method of claim 109, further relatingsthe calibration value to aU^ast 
one of the signals from the one or more workingelectrodes ohlyaf^pre^termined 
period of time has passed since the sensor was implanted in the patient. 



111. The method of claim 1 09 
one of the signals from the one or mi 



er relating the calibration value to at least 



orking electrodes only if a signal from a 
temperature probe disposed on the electrochemical sensor is within a predetermined 



range. 
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112. The method of^laim Hi>further comprising measuring a conductivity 
of a body fluid using the ter^peratur^probe to determine a temperature of the body 
fluid. v / M x 

113. A method for ritonitoring a level of an analyte using the analyte 
monitoring system of claim 52, me method comprising: 

inserting the sensor into skin of a patient; 
attaching the sensor control uj^tottie skin of the patient; 
coupling a plurality of ^ofiducti^ye contacts disposed in the sensor control unit to 
a plurality of contact pads disposed oi)\tl\e sensor; 

collecting data, using the sens/>r\^itrol unit, regarding a level of an analyte 
from signals generated by the sensoj? 

transmitting the collected data to the display unit; and 

displaying an indication of the level of tl\e analyte on the display of the display 

unit. 

The method of claim wherein collecting data comprises generating 
signals from the sensor and processing the signals into data. 

to, 

l)o. The method of claim 1>3, wherein the data comprises the signals from 



the sensor. 



The method of claim liK further comprising activating an alarm if the 
data indicates an alarm condition. 

eft 

\Y}< The method of claim U^ 3 further comprising administering a drug in 
response to the data. 

1 18: The method of claim 1 further comprising obtaining a calibration 
value from a calibration device to calibrate the data. 
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The method of claim \)&, wherein the calibration device is coupled to 
the display unit. 

1^0C The method of claim further comprising transmitting the calibration 
value from a transmitter in the display unit to a receiver in the sensor control unit. 
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